Several lines of evidence suggest that follicular granulosa cells give rise to the large luteal cells of the corpus luteum in the sheep. To further investigate this suggestion, numbers of granulosa cells in preovulatory follicles were estimated by morphometric methods for comparison with a previous estimate of numbers of large luteal cells (9.6 ± 0.9 x 10 6 ). Preovulatory follicles from five Corriedale ewes were obtained after synchronization of the oestrous cycle with the prostaglandin analogue cloprostenol. Morphometry was undertaken using light microscopy of plastic-embedded tissue sectioned at Il-'m. Mitotic index in the membrana granulosa was 0.05 ± s.e.m. 0.05"70. Mean follicular diameter was 6.25 ± 0.25 mm and there were 7.68 ± 0.53 x 10 6 granulosa cells per follicle. These results demonstrate a similarity between the number of granulosa cells per follicle and the number of large luteal cells per corpus luteum and thus support the hypothesis that large luteal cells are derived from granulosa cells.
Introduction
In sheep as in other ruminants, the corpus luteum (CL) contains two distinct types of steroidogenic luteal cells, large and small (O'Shea 1987) . Several lines of evidence support the hypothesis that the large luteal cells are derived from follicular granulosa cells, and further that granulosaderived cells undergo little if any mitosis after the time of ovulation (McClellan et al. 1975 ; O'Shea et al. 1980) . This hypothesis would be strengthened if it could be demonstrated that numbers of granulosa cells in preovulatory follicles are similar to numbers of large luteal cells in the CL.
Numbers of large luteal cells in functional cyclical CL from Corriedale ewes have recently been estimated by ultrastructural morphometry (O'Shea et al. 1986) . The purpose of the present study was to make a morphometric estimate of numbers of granulosa cells in preovulatory follicles from Corriedale ewes from the same flock, to permit a comparison between granulosa and large luteal cell numbers. For this purpose follicles were collected as close as possible to the time of anticipated ovulation.
Materials and Methods

Animals, 11'eatments, and Collection of Tissues
The Corriedale ewes used in this study were from the same flock as the ewes reported in a previous study of cell numbers in the CL (O'Shea et 01. 1986 ). They were maintained on pasture supplemented with clover hay at the Veterinary Clinical Centre, Werribee, during a single mating season (April-May). All ewes were cyclic at the start of the experiment, as demonstrated by mating with a vasectomized ram fitted with a harness and crayon.
Ovulation and the development of preovulatory follicles were synchronized by the administration of two injections of the prostaglandin analogue cIoprostenol (,Estrumate', I.C.1. Ltd., Macclesfield,
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Cheshire, England), 250 ",g by intramuscular injection, 13 days apart. Based on preliminary observations on the timing of the preovulatory luteinizing hormone (LH) surge following injection of cloprostenol, blood samples for the measurement of LH concentration were collected at 3-hourly intervals from 22 to 58 h after the time of the second injection in all ewes, and up to 73 h in ewes from which CL were collected.
Twenty-eight ewes were included in this experiment. To confirm the occurrence of ovulation following the second injection of cloprostenol, nine ewes were maintained until II days after this injection (approximately 8 days after ovulation). Ovaries were then removed by laparotomy to detect CL, which were dissected from the ovaries, weighed and fixed in 10070 formalin for histology. Laparotomy was performed on the remaining 19 ewes 60-65 h after the second injection of cloprostenol, and both ovaries removed and fixed whole in 10% formalin for examination of follicles.
Laparotomies were performed via a midline incision under pentobarbitone anaesthesia. Blood samples for LH assay were collected by jugular venepuncture and plasma was stored at ~ 20°C.
Processing of Tissues, and Cell Counts
Luteal tissues were embedded in paraffin, sectioned at 5-7 ",m, and stained with haematoxylin and eosin (HE).
Each follicle selected for morphometry was sliced at 90° to the surface of the ovary and a thick slice including approximately its central third was dehydrated in alcohol and embedded in JB-4 plastic embedding medium (Polysciences Inc., Warrington, Pennsylvania, U.S.A.). Serial sections were cut through the blocks so produced, using an Autocut 1150 Universal Microtome (Reichert-Jung, Heidelberg, West Germany). A regular pattern of sectioning was employed, in which one section at 50 ",m in thickness alternated with two sections at I ",m, and cutting continued until the diameter of the follicle had reached its maximum and commenced to decrease. Two I-",m sections, 50 ",m apart, were selected from the widest diameter of the follicle, and stained with HE. For each follicle these two sections were used for counts of mitotic figures and dead cells, and for morphometry.
Counts of mitotic figures and dead cells in the membrana granulosa were performed in a microscope fitted with an eyepiece graticule at a magnification of 320 x . One hundred cells were counted at each of eight regions of the membrana granulosa, equally spaced around its margin (i.e. at 45° to one another), from each of two sections per follicle. Thus, percentages' of dividing and dead cells were based on a total of 1600 cells per follicle.
Morphometric Methods
Light micrographs for morphometry were taken from each section at three magnifications, as follows: (a) I or 2 micrographs to include the whole follicle, at a negative magnification of 4 x; (b) a series (7-13) of micrographs to include the whole of the membrana granulosa, at 16 x; (c) a series of 8 micrographs of small areas of the membrana granulosa, including its entire thickness, at eight equally spaced points around its margin, at 100 x . Prints were made in all cases at 5 x the negative magnification (i.e. final magnifications of 20 x, 80 x and 500 x respectively).
The cross-sectional area of each section of each follicle was measured, down to the basement membrane of the membrana granulosa, in whole follicle photographic prints, using an image analyser ('Videoplan', Carl Zeiss, Oberkochen, West Germany). Values obtained were corrected for print magnification (20 x). The area occupied by the membrana granulosa was measured and corrected similarly, using prints at 80 x, but excluding the cumulus oophorus if present in any micrographs. The total area of membrana granulosa included in the eight prints per section at 500 x was also measured by image analysis.
From the measurements from micrographs at 20 x and 80 x , the volume of the membrana granulosa, excluding the cumulus, of each follicle was calculated assuming the follicles to be spherical, as follows:
True area of follicle (a) = mean measured area of follicle -i-400 True area of membrana granulosa (b) = mean measured area of membrana granulosa -i-6400
In each of the prints at 500 x , counts of all granulosa cell nuclei, and point counts of all hits on granulosa cell nuclei (070), were made. Areas to be counted were defined by lines outlining the area measured as above: care was taken that the lines defining the antral and basal borders of the membrana granulosa corresponded precisely with the lines marking these borders in the equivalent prints at 80 x, from which the total area of the membrana granulosa was measured. For each print 100 points were counted using a 21-bar, 42-point (M42) grid (Weibel 1979 ) reproduced on a transparent sheet and dropped repeatedly onto each micrograph in such a way that all depths of the membrana granulosa were represented equally. Thus, for each follicle the volume density (%) of granulosa cell nuclei was calculated from 1600 hits, and the total number of nuclei per unit area of membrana granulosa was calculated from counts of 16 areas of tissue. To correct for magnification, the measured area of these prints, at 500 x, was divided by 250 000. For the purposes of calculating numbers of granulosa cells per unit volume of tissue, and per follicle, the following assumptions were made: (a) sections at 1 ,um had no thickness; (b) each granulosa cell had a single nucleus; (c) granulosa cell nuclei were spherical; (d) all nuclei in the membrana granulosa belonged to granulosa cells; and (e) granulosa cell nuclei were uniform in size.
Numbers of nuclei (= cells) per unit volume (Ny) of granulosa tissue were calculated from the formula:
where (3 is a correction factor for nuclear shape (given a value of 1.382, representing a sphere). While divergence of nuclear shape from spherical would lead to some overestimation of Ny, the error would be small as long as shape approximates that of a sphere (Weibel 1979) . N A is the number of granulosa cell nuclei per unit area, and Vy is the volume density of granulosa cell nuclei. The total number of granulosa cells per follicle was then derived from Ny x volume of membrana granulosa.
To correct values of length, area and volume for tissue shrinkage or expansion during processing, and for any errors in photographic magnification, a linear correction factor of 1.12, relating measured values back to the original fixed tissues, was calculated and applied. For this, the diameters of follicles were measured at corresponding points in a stereoscopic microscope fitted with an eyepiece micrometer both before and after embedding (in transparent plastic medium), after sectioning, and after photographic enlargement.
LH Assay, and Definition of an LH Surge
Plasma LH levels were measured in a double-antibody radioimmunoassay (Wright et al. 1980 ) using NIH-LH-SI8 (biopotency 1.03 x NIH-LH-Sl) as standard. Hormone concentrations and assay quality control data were calculated by the method and computer program of Burger et al. (1972) . Two assays were used in this study. Assay sensitivity was 0.56 ng/ml and the inter-assay coefficients of variation were 13.2, 18.0 and 16.6% for plasma pools of 9.3, 1.5 and 38.0 ng LH/ml respectively. The intra-assay coefficient of variation was <20% between 1.4 and 87.7 ng/ml. Preovulatory surges of LH were defined on the basis of at least two consecutive plasma samples > 80 ng/ml LH.
Results
Evidence of Ovulation, and Selection of Follicles
Eight of nine ewes treated with cloprostenol and subject to laparotomy 11 days later had single (four ewes) or twin (four ewes) mature CL as confirmed by histology. These CL weighed 0.46 ± s.e.m. 0.04 g when a single, mean value was included for each pair of twin CL. The ninth ewe, which was presumed not to have ovulated, failed to show an LH surge up to 73 h from the second injection of cloprostenol, and had no detectable CL at laparotomy.
Four of 19 ewes in which laparotomy was performed 60-65 h after the second injection of cloprostenol failed to show an LH surge during the period of blood sampling. The remaining 15 ewes showed LH surges, first detected in plasma samples taken between 3.0 and 20.5 h before the collection of their ovaries. The largest follicle from each of five of these ewes, selected on the basis of maximum time from onset of LH surge to collection of ovaries, was used for counts of mitoses and dead cells, and for morphometry. LH surges in these five ewes were first detected 18.00 ± 0.68 h (range 16.5 -20.5 h) before collection of their ovaries.
Follicular Histology, Mitotic Index and Dead Cells
In all of the selected follicles the membrana granulosa showed a loosely-packed appearance (Fig. 1) consistent with preovulatory follicular histology. Granulosa cell nuclei appeared relatively uniform in size and rounded in shape, and no evidence was seen to suggest multinuclearity. Mitotic figures (Fig. 2) were rarely seen. The boundary between the membrana granulosa and theca intern a was discernible in all follicles.
Mitotic index in the membrana granulosa was 0.05 ± 0.05070. Mitotic figures were also present in the theca intern a (Fig. 3) , being seen in both thecal and endothelial cells. Because of difficulty in identification of different cell types in the thecal intern a, and in defining precisely the outer border of this layer, thecal mitoses were not quantitated; however, subjectively it appeared that mitoses were more numerous in the theca intern a than in the membrana granulosa.
The incidence of dead cells in the membrana granulosa (Fig. 4) , identified on the basis of nuclear pyknosis or karyorrhexis, was 0.05 ± 0.04%.
Morphometric Findings
The five follicles examined had a mean ± s.e.m. diameter of 6.25 ± 0.25 mm and a volume of 130.39 ± 14.58 mm 3 . Volume of the membrana granulosa was 8.87 ± 0.92 mm 3 , and there were 0.89 ± 0.08 x 10 6 granulosa cells per mm 3 • The total number of granulosa cells per follicle was estimated to be 7.68 ± 0.53 x 10 6 .
Discussion
The accurate selection of 'preovulatory' follicles which are actually destined to ovulate is clearly a central problem in any study in which follicles need to be removed before the time of ovulation. This is particularly true when follicles need to be processed intact for morphological studies, eliminating the possibility of functional studies on the follicular cells or of analysis of follicular fluid, which could provide additional evidence of preovulatory status (McNatty et al. 1982; Webb and England 1982) .
In the present study, evidence that the follicles examined were destined to ovulate was based on the following points: (a) occurrence of a preovulatory-type LH surge in all ewes from which follicles were selected, coupled with the fact that LH surges were constantly followed by ovulation in ewes from which ovaries were not removed until 11 days after cloprostenol administration; (b) the largest follicle present immediately approaching or during oestrus, as studied here, normally does undergo ovulation (Smeaton and Robertson 1971; Bherer et al. 1977; Webb and England 1982) ; (c) retrospective confirmation that the histological structure of the membrana granulosa was consistent with preovulatory status, together with the very low incidence of cell death in the membrana granulosa, indicating the absence of atresia (Hay et al. 1976) . Cumming et al. (1971) have shown that ovulation normally occurs approximately 24 h after the onset of the preovulatory LH surge in the ewe. Hence it is likely that the follicles studied here were collected within :::: 4 -10 h of their expected time of ovulation.
The present findings on absolute numbers of granulosa cells per preovulatory follicle are consistent with the data of McNatty et al. (1982) , in which granulosa cell numbers were counted in a haemocytometer after mechanical dislodgement from the walls of follicles from Romney ewes treated with cIoprosteno!. These authors derived a formula to express the relationship between maximum number of recoverable granulosa cells and follicular diameter, and observed a maximum of :::: 10 X 10 6 granulosa cells in follicles of the largest sizes. Applica tion of this formula to a follicular diameter of 6.25 mm, as observed in the present study, would provide an estimate of 6.26 x 10 6 granulosa cells per follicle. Since this formula is based on maximum recoverable granulosa cells, and may provide some underestimate of actual numbers, the similarity with the present morphometric estimate of 7.68 ± 0.53 x 10 6 is remarkably close. A subsequent study from the same laboratory (McNatty et al. 1986 ) estimated granulosa cell numbers in preovulatory follicles from Merino ewes at 6.6 X 10 6 , while Tsonis et al. (1984) , using similar methodology, also found 6-7 x 10 6 granulosa cells in large follicles from luteal-phase Merino and Merino-cross ewes.
The only previous attempt to estimate granulosa cell numbers in 'preovulatory' ovine follicles by morphometry was that of Cahill and Mault:on (1980) , using paraffin-section histology in Romanov and Ile-de-France ewes. Their study provided an estimate of 3.3 x 10 6 granulosa cells in the largest non-atretic follicles obtained at either day 0 or day 7 of the oestrous cycle. It is not clear why this earlier estimate was so much lower than that 9btained in the present study, but breed differences, methodological differences and differences in the stage of follicular development could all have contributed.
When comparisons are made between granulosa cell numbers calculated here and numbers of large luteal cells as calculated previously (9.6 ± 0.9 x 10 6 -O' Shea et al. 1986 ), a similarity in absolute numbers is apparent. Such a similarity is consistent with the concept that granulosa cells give rise to large luteal cells without any major amount of intervening cell division. The present data, showing a very low mitotic index in the membrana granulosa of preovulatory follicles, together with earlier data showing that granulosa-derived cells in sheep appear to undergo little if any mitosis in the postovulatory period (McClellan et al. 1975; O'Shea et al. 1980) , are also consistent with this concept of the origin of large luteal cells. Although estimated numbers of granulosa cells were in fact a little lower than the equivalent estimate of numbers of large luteal cells, this discrepancy could well be explained by experimental error coupled with inter-animal and inter-season variation. The existence of some, albeit low, levels of mitotic activity could also have contributed. Two estimates of mitotic time in ovine granulosa cells have been published, namely 0.43 h (Turnbull et al. 1977 ) and 1.38 h (Cahill and Mauleon 1980) . Using these estimates, and the mitotic index of 0.05070 reported here, doubling tim.es for granulosa cells would be 596 h or 1914 h (::::. 24 -80 days). These values suggest that, unless the mitotic index increases after ovulation, mitosis of granulosa-derived cells is unlikely to produce a major gain in cell numbers during the genesis of the CL.
In conclusion, the present estimate of absolute numbers of granulosa cells per preovulatory follicle is similar to an earlier estimate of large luteal cell n)Jmbers per CL: these findings are therefore consistent with an origin of large luteal cells from granulosa cells with little if any intervening mitosis.
